6 rotating blood agar plate. Samples were taken before, during and after drilling with both high speed and conventional instruments. The periods during which drilling was performed could be identified on the plates as tooth debris could be seen in the appropriate segment. A uniform distribution of aerial contaminants was seen, the predominant organisms being Staphylococcuis albus and a Gram-negative bacillus of the aerogenes group. Some periods of drilling were associated with a growth of Streptococcus viridans organisms. These were found following the use of both high speed and conventional drills, and were the only organisms to be specifically associated with drilling procedures, although sampling was related to a number of patients on different days in the two dental surgeries investigated.
From these observations, it was thought that there was no increased risk to the operator of bacterial contamination associated with the use of the high speed drill. It was found that the quantity of respirable dust produced by the high speed drill was small, especially when it was used with a water jet, and when not only the concentration, but also the total time of exposure to the peak concentration was taken into account.
Consideration of the composition of the solid particles does not reveal the presence of any substance that might be considered to be pathogenic in the concentrations encountered. The (Ikeda 1937 , Proudfit et al. 1950 , Symmers 1955 , Forbes & Bradley 1958 .
Vegetable oils, if free from fatty acids, rarely produce an inflammatory reaction in the lung. The oil droplets are usually broken up and removed via the lymphatic system by phagocytes, so that eventually no trace of oil is left. Iodized vegetable oils are commonly introduced into the lung for radio-diagnostic purposes, and ill effects associated with these oils have rarely been reported (Pinkerton 1928, Santel949) .
It is recommended that vegetable oils free from impurity should be used exclusively for lubricating purposes in air turbine drills. The minimum quantity compatible with efficient running of the machine should be used. If the instrument is used with a water jet there will be an appreciable reduction in air contamination with solid particles, so that apart from any consideration concerning the safety of the tooth operated upon, the safety of the dental surgeon operating the drill is also made more certain.
Changes in the Dental Tissues due to Cavity Preparation using a Turbine Handpiece by Ivor R H Kramer MDS FDS RCS (London) Two years ago it was decided to investigate the tissue changes that might follow cavity preparation using a turbine handpiece. The main purpose was to determine the effects of such instrumentation upon the pulp. However, unexpected findings during the course of the investigation led to a widening of the scope of the experiments, firstly to include changes that were observed in the dentine, and more recently to explore the possibility of changes in the enamel.
For the investigation into changes in the pulp, it was thought desirable to use both diamond points and tungsten carbide burs, and to compare the response following cutting under waterspray with the response that followed cutting with no waterspray. Consequently, there were four experimental groups, the two main groups according to the type of cutting point, each divided again according to whether or not waterspray was used. In addition, a fifth group of experiments was included, not strictly speaking a control group, but rather a basis for comparison. In this group, the cavities were prepared using steel burs under waterspray in a conventional handpiece.
For the turbine handpiece experiments, Borden airotor handpieces were used. The rotary speed whilst cutting under an average load was found to be about 320,000 rev/min. Cavity preparation was carried out with cylindrical diamond points. or tungsten carbide cross cut fissure burs of comparable size. All the cavities were prepared in noncarious teeth in young individuals, and unless immediate extraction was intended the cavities were filled with zinc oxide and eugenol. The experiment duration (i.e. the interval between cavity preparation and extraction) ranged from a few minutes to 231 days, and the cavities varied in depth from those barely penetrating the dentine to pulpal exposures.
In order to assess the tissue changes that had occurred, paraffin sections were prepared and records were made of various types of deviation from the normal. In this report, reference will be made to five types of change, and the percentage of experiments in each group in which these changes were found is shown in Table 1 . The percentage of experiments in which inflammatory cell infiltration was found was a little higher in the groups in which no waterspray was used, but there were no striking differences between the groups; also, there was no striking difference between the turbine experiments and the experiments in which the conventional handpiece was used. Secondary dentine formation indicates both stimulation of the pulp, and the capacity of the pulp to respond. In most of the experiments the secondary dentine was well formed, although in some teeth vascular loops had been partially included in the newly formed hard tissue (Fig 1) . The incidence of secondary dentine formation varied markedly from one group to another, with a notably high incidence beneath the cavities cut without waterspray.
Fig 1 Vascular loops in predentine. H & E x 170
In a previous report, on the response of the pulp to a self-polymerizing resin (Kramer 1956) reference was made to a curious disturbance of the fluid balance in the region of the odontoblast layer, and a somewhat similar change was found in some of the teeth in the present series. The incidence of this type of change, a pulpal cedema, was low in most of the groups, although in one group, with dry cutting, almost a third of the teeth showed some degree of cedema.
It is well known to dental histologists that, in many sections of teeth, part of the pulp stains very deeply with eosin. This appearance, almost always seen in the cornu, is regarded as an artefact. However, in some of the present experiments, part of the pulp lying, not in the cornu, but beneath the experimental cavities, showed a granular structure and a strong affinity for eosin, and it is considered that this may represent a coagulation of the pulpal tissue due to heat. Few teeth showed this appearance, but almost all of them were in the groups in which the cavities were prepared dry.
The passage of odontoblasts, or odontoblast nuclei, outwards from the periphery of the pulp into the dentinal tubules has been observed under a wide variety of experimental conditions, and both the mechanisms responsible for this socalled 'odontoblast aspiration' and its significance are controversial matters (Stanley & Swerdlow 1958 , Kramer 1959 . This odontoblast aspiration was not seen at all beneath the cavities prepared using a conventional handpiece, and in the turbine handpiece experiments the incidence of aspiration was obviously higher in the groups in which the cavities were prepared without waterspray.
If all these results are placed together, it will be seen that the high figures for various pulp reactions all occur in the groups in which the turbine handpiece was used without waterspray. These results, based on almost 200 experiments, clearly support the view that the use of an efficient cooling mechanism is desirable if the risk of pulpal damage is to be reduced.
Dentine Changes During the course of these investigations into pulp response, changes were seen in the dentine of some teeth (Kramer 1960) . In sections of teeth in which cavities have been prepared with a conventional handpiece, the dentine next to the cavity floor has the same appearance as the dentine elsewhere. However, in sections of some teeth in which cavities were prepared with a turbine handpiece, the dentine forming the cavity floor had a markedly abnormal appearance. These changes were of two degrees. The more severe, termed dentine 'burning', showed a swelling of the matrix, a loss of affinity for hwmatoxylin and eosin, and a tendency to dissolve away. Sometimes, fusiform dilatation of the dentinal tubules and small rounded spaces in the matrix suggested that gas bubbles had formed. The less severe change w\cas characterized by an increased affinity of the affected dentine for hxmatoxylin, and this was termed dentine 'darkening'. Special staining and impregnation techniques provided confirmation of the view that, in the affected areas, a breakdown had occurred in the collagenous dentine matrix, whilst further investigations showed that all the changes could be reproduced by the application of heat to the dentine (Kramer 1960).
The severe changes were never seen beneath cavities cut using conventional handpieces, and the incidence was high (61 O') in the group in which the turbine handpiece was used with the carbide bur but without waterspray.
The less severe heat change was found in about 800,, of the teeth in which cavities had been prepared using the turbine handpiece without waterspray, but, of particular interest, in one group half the teeth showed this effect although waterspray was used.
The distribution of the heat changes was studied, and it was found that two areas tended to be affected (Fig 2) . One area was in the cavity floor, and presumably showed where heat generated by the end cutting component of the bur or The other area tending to be affected was in a wedge-shaped mass of dentine in the region where the cavity wall crossed the amelodentinal junction (Fig 3) . The presence of heat changes in the dentine in this area suggested that the effect might be the result of considerable heat generated in the overlying enamel during cavity preparation. The heating of the enamel may have a practical importance, for it seems at least possible that the enamel might be rendered more fragile, and consequently more liable to break away from the margins of the restoration. It is possible to cover the enamel surface with an adherent powdery coating of a material that melts at a known temperature. If, now, a cavity is cut into the tooth substance, a rise in temperature above the melting point of the coating will cause the coating to melt in the heated zone, and this melting can afterwards be recognized by the change in the texture of the coating from matt to glossy. Unfortunately, on the enamel the change is not easy to see, and is even more difficult to photograph. The change from matt to glossy occurs because, when the melting point is reached, the powdery particles fuse together. Because of this, the coating changes also from opaque to transparent. Therefore, if the enamel surface is coloured first, and this can be done quite simply with any convenient dye, then this coloured surface will be obscured when the powdery coating is applied. If a cavity is now prepared, areas in which the coating has melted will be easily seen because the coloured enamel surface will show through the fused coating lA, film was shown illustrating this technique.l Much of the preliminary work has been done with a coating that melts at 1010 C, and Fig 4 shows a tooth studied in this way. It will be seen that, in a narrow zone around the cavity margins, the temperature of the enamel has reached at least 101°C.
This technique of investigating heat generation during cavity preparation is now being used in a variety of ways, but the results so far provide further support for the view that cavity preparation using a turbine handpiece will almost certainly cause considerable heating of the tissues unless water, or some other cooling mechanism is used, Provided there is adequate cooling, all the results from the present investigation indicate that no serious damage is likely to be inflicted upon the dental tissues.
